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3. DESCRIPTION OF THE AFFECTED ENVIRONMENT

In Chapter3, descriptions of the area within the Poker Flat Research Range (PFRR) pt
the context for understanding the environmental consequences of the alternatives desq
Chapter4. The affected environment serves as a baseline from whyclerasronmental
changes that may be brought about by implementing the proposed alternatives
identified and evaluated; the baseline conditions are the currently existing conditions.

The affected environment &oker Flat Research RanfjeFRR is described for théollowing
resource areasair quality and climate; water resources; geology and soisse; visual
resources; ecological resources; land use and recreation; cultural res@uttsistence use
resources; transportation; hazardous materials and waste; health and safety; and socioeconomics
and environmental justice For simplicity and consistency with PFRR launch seasons, the
affected environmens divided into two seasorfer some resources areasimmer and winter.

For this analysissummer is defined as May through September and wisge©ctober through
April. In addition for some resource aredhe affected environment description is based on
ecoregions. The falwing ecoregions are located within the PHBE&nch site launch corridor,
andarediscussed in thi€nvironmental Impact Statement for the Sounding Reékegram at |
Poker Flat Research RangéPFRREIS): Beaufort Sea Ecoregion, Arctic Coastal Plain
Ecoregion, Arctic Foothills Ecoregion, Brooks Range Ecoregion, Interior Forested Lowlands and
Uplands Ecoregion, Interior Highlands Ecoregion, and Yukon Flats Ecord@altant et

al. 1995. For the purposes of discussion, PFRR is divided into two coergs: thdaunch site

and launch corridor.

3.1 AIR QUALITY AND CLIMATE
3.1.1 Air Quality

Air pollution refers to the direct or indirect introduction of any substance into the air that could
endanger human health; harm living resources, ecosystems, or n@tgety €.g.,buildings);

or impair or interfere with the comfortable enjoyment of life or other legitimate uses of the
environment. Air quality is affected by air pollutant emission characteristics, meteorology, and
topography.

The U.S. EnvironmentaProtection Agency (EPA) has set National Ambient Air Quality
Standards (NAAQS) for sigriteria pollutants, as shown rable 3i 1. The State of Alaska has
adopted the standards, as indicated in the table.

The region of influence (ROI) for air quality éefined as the area within the PFRRnch site

and launch corridgboth of whichare within the Northern Alaska Intrastate Air Quality Control
Region NumbeB®. None of these areas are designated as nonattainment areas with respect to the
NAAQS for criteria air pollutant§40 CFR 81.302) The nearest nonattainment area is a part of
Fairbanks North Star Borough, which has been designated nonattainment for particulate matter
with an aerodynamic diameter less than or equal tonEometers (PMs).
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Final Environmental Impact Statement for the Sounding Rockets Program at Poker Flat Research Range

Table 3'1. Federal and StateAmbient Air Quality Standards

Alaska Ambient
Air Quality
. NAAQS2 Standards
Averaging
Pollutant Period (micrograms per cubic meter)
Carbon monoxide 8 hours 10,000 10,000
1 hour 40,000 40,000
Lead Quarterly N/A 15
3 months 0.15 N/AD
Nitrogen dioxide Annual 100 100
1 hour 188 N/AD
Ozone 8 hours 147 N/AD
1 hour N/A 235
PMyg Annual c 50
24 hours 150 150
PM; s Annual 15 b
24 hours 35 b
Sulfur dioxide Annual 80 80
24 hours 365 365
3 hours 1,300 1300
1 hour 197 N/AD

a. The morestringent of the primary and secondary standards is presented if both exist for the averaging
period. The standards for carbon monoxide and th@r2d 3hour standards for sulfur dioxide are not to
be exceeded more than once per year. The annual aithmean PM s standard is attained when the
weighted annual arithmetic mean concentratiopg8@r average) does not exceed the standard value. The
24-hour PM, s standard is met when the 98tarcentile over Jears of 24hour average concentrations is
less than or equal to the standard value. Thbd# PM, standard is met when the standard value is not
exceeded more than once per year overyad® period. The annual arithmetic meanpPMandard is
attained when the weighted annual arithmet@amoncentration (3/ear average) is less than or equal to
the standard value. The Federahdur nitrogen digide standard is met when they8ar average 98th
percentile of the daily maximumHtour average does not exceed the standard value. The Fedetal 1
sulfur dioxide standard is met when the/éar average 99th percentile of the daily maximumoar
average does not exceed the standard value. The Fedemaht lead standard is met when the
maximum 3month mean for a-§ear period does not excedudtstandard value.

b. The State of Alaska has not yet adopted the Federal standard.

c. The U.S. Environmental Protection Agency revoked the annuaj §thdard.

Key: N/A=not applicable; PM=particulate matter with an aerodynamic diameter less than ol &gua

n micrometers.

Source:18 AAC 50.010;40CFR 50; 71FR 61144

Routine monitoring of air pollutants is not conducted at PFRR. Monitoring of carbon monoxide
and PM s is performed at monitors in Fairbanks North Star Borough. Monitored values for
carbon monoxide are well below the ambient standafdSEPA20l1la) Elevated
concentrations of Pk have occurred in Fairbanks during the winter partiaégausef wood

fired devices and during sumniscausef wildfires. The state does not routinely monitor for
other criteria pollutants nearby.
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3 1 Descript iEowonment t he Affected

A summary of emissions of criteria pollutant emissions for Fairbanks North Star Borough is
presented imable 3i 2. The primary sources of air pollutants in Fairbanks North Star Borough
are power plants, refining, and airpot$SEPA 2011b) Other sources include traffic (snow
machines, automobiles, aircraft, motorboats, and other vehicles) and fires.

Table 3/ 2. Fairbanks North Star Borough
Criteria Pollutant Emissions, 2008

Pollutant Metric TonsPer Year
Carbon monoxide 19,800
Lead 0.287
Nitrogen oxides 4,040
PMyo 14,700
PM, 5 1,870
Sulfur dioxide 2,090
VOC& 3,480

a. VOCs (volatile organic compounds) are a precuss@zone.
Note: To convert metric tons to tons, multiply by 1.1023.

Key: PM,=particulate matter with an aerodynamic diameter less than or equal
to n micrometers.

Source USEPA 2011c.

Activities at PFRRproducecriteria air pollutants and other air pollutants in various quantities.
Launch vehicles emit lead, carbon monoxide, particulate matter, and other pollutants into the
lower atmospheréNASA 2000a). Emissions from various launch vehicles used in\tahgoral
AeronauticsaandSpace AdministratiorlNASA) Sounding RockstProgram(SRB into the lower
atmosphere and the upper atmosphere are presentedSngpkemental Environmental Impact
Statemenfor Sounding Rocket Progra(®@RPSEIS (NASA 2000a), andemissions from launch
vehicles used at PFRR are presented in Chdpt&ome payloads of previous launches at PFRR
have released TMA [trimethylaluminium] (a mixture of trimethyl aluminum and triethyl
aluminum), barium, and calciugNASA 2000a). Other tlan launch vehicles, sources aif
pollutantsat PFRR include generators, heating systems, delivery velaogsmployee vehicles
(NASA 2011a). Search and recovery work also results in air pollutant emissions from aircraft
operations and use of varioushicles. Estimated PFRR emissions are present&dbte 3i 3.

The table includes estimated carbon dioxide emissions resulting from production of electricity
used for PFRR operations.
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Table 3/ 3. Poker Flat ResearchRange Annual Emissions

Internal
Pollutant Heating Combustion Electric Generation?
Metric Tons Per Year
Carbon monoxide | 0.022 15 NR
Nitrogen oxides 0.11 2.9 3.9
PMio 0.0048 0.2 NR
PM, 5 0.0037 0.2 NR
Sulfur dioxide 0.00094 0.02 1.9
Carbon dioxide 96 130 1,900

a. Indirect emissions from offsite electric generation were based oaithgollutant
emission rate for the Alaska grid and average annual electric use at Poker Flat
Researcltirange for the period from 2003010.

Note: To convert metric tons to tons, multighy 1.1023.

Key: NR=Emission rates for particulate matter and carbon monoxide are not reported in

eGRIDweb;PM,=particulate matter with an aerodynamic diameter less than or equal to

n micrometers.

Source:NASA 2011a.

3.1.2 Climate

The climate within PFRR, shown Figure 3i 1, varies significantly from the south to the north
and is dependent upon latitude, elevation, terrain, and proximity to the Beaufort SeROIThe
can be divided into three different climate regimestlig)soubern regime, which includes the
PFRRIlaunch site White Mountains NRA, and Yukon Flakational Wildlife Refuge NWR);

(2) the central regime, which includes the southern half of Arctic NWR, including Brooks Range
and most of the Mollie Beattie Wilderne&sea; and (3the northern regime, which includes the
northern half of Arctic NWR, including the Beaufort Sea Coastal Plain and the Brooks Range
Foothills, and the northeast corner of the Mollie Beattie Wilderness Afaale 3i 4 includes

the monthly aveage temperatures and annual precipitation, including snowfall and snow depth,
of representative areas in or near these climate regimable 3i 5 includes monthly average
snow depths for these stations as well.

3.1.2.1 Southern Poker Flat Research Range Launch @dor Climate Regime
The climate in this region is similar to that
subarctic, 0o characterized by great seasona

(USFWS201X). In Fairbanks, from midlay throughthe end of July, a period of tays, the

sun is above the horizon from 18 to [&urs each day, and the entire region never gets darker
than civil twilight. Further north at Fort Yukon, the sun stays above the horizon for
31 consecutive days in June abaly and the period of twilight lasts 86 days. In contrast, from
late November through January, the period of daylight, including twilight, averages less than
5 hours per dayEdwards 2011)
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Table 3 4. Monthly Average Temperature, Precipitation, and Station Information at Meteorological Stations Located
in or Near the Poker Flat Research Range Launch Corridor

Barter Toolik Atigun Arctic Old Fort Lake
Island Kuparuk Lake Pass Village Crow Bettles Yukon Fairbanks | Chandalar

Temperature (Celsius)

January 126 26 23 7121 131 131 123 128 122 26
February 129 27 21 718 128 128 121 126 119 i24
March 127 25 21 119 119 122 115 17 11 19
April 118 116 113 111 110 111 5 16 0 19
May 6 5 1 T1 3 3 7 7 10 3
June 1 5 9 5 12 12 15 15 16 12
July 4 9 12 7 14 14 15 17 17 13
August 4 7 8 3 9 11 11 13 13 9
September 0 2 0 i3 0 3 5 5 7 2
October i9 79 12 112 112 79 (4 (4 i4 710
November 718 19 719 17 124 123 718 21 716 i21
December 124 23 722 718 124 127 121 127 720 i23
Annual 12 710 T4 79 79 79 i5 76 i2 8
Average

Annual Precipitation (centimeters)

Total 15 10 i 61 23 28 38 18 27 21

Snowfall 107 84 i i 124 130 230 107 170 120
Station Information

Station Elevatio| 9 20 720 1,400 640 250 200 130 130 580

(meters)

Period 19491988 | 1980 2010 | 19892007 | 19922009 | 19621996 | 19712000 | 19802010 | 19381990 | 19812010 | 1981 2010

a Total precipitation per year is sum of rain and snow water equivalent.

Note: To convert centimeters to inches, multiply by 0.3937; meters to feet, by 3.2808; Celsius to Fahrenheit, use the form(laF@&i8@nheit) 32.
Key: i =missing data.

Source: Environment Canala 2011; NCDC2011a; USFWS2011c
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Table 3'5. Monthly Average Snow Depth forMeteorological Stations Located
in or Near the Poker Flat Research Range Launch Corridor

Barter Toolik Atigun Arctic Old Fort Lake
Island Kuparuk Lake Pass Village Crow Bettles Yukon Fairbanks | Chandalar
Average Snow Depth (centimeters)
January 31 20 i 18 43 48 64 48 43 48
February 36 20 i 18 43 56 74 56 53 58
March 36 23 i 20 53 59 79 58 51 56
April 38 23 i 10 53 55 66 41 25 56
May 25 13 i 3 15 17 10 5 0 18
June 3 0 T 0 0 0 0 0 0
July 0 T 0 0 0
August 0 T 0 0 0
September 3 0 T 0 3 5 0 0 0
October 13 8 i 10 10 13 10 5 5 10
November 20 15 i 13 23 26 31 23 20 25
December 25 18 i 13 33 36 51 36 33 36
Station Information
Station Elevatio| 9 20 720 1,400 640 250 190 130 130 580
(meters)
Period 19491988 | 19832010 | 19892007 | 19701980 | 19621996 | 19712000 | 195752010 | 19381990 | 19492010 | 1968 2010

a Snow depth from Galbraith Lake Camp, locatedil@meters(8 miles) northeast of Atigun Pass.
b. Snow depth estimated from monthly average snowfall and average temperatures.
Note: To convert centimeters to inches, multiply by 0.3937; meters to feet, by 3.2808.

Key: i =missing data.
Source:WRCC 2011.
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Final Environmental Impact Statement for the Sounéogkets Program at Poker Flat Research Range

During summer, daily average maximutemperatures reach the lower 20sdegrees
Celsius(°C) (70degrees FahrenheitH]). Temperatures of 2ZC (80°F) or higher occur on
about 10days each summer, and temperatures in the3@sdC (90°F) have been recorded at
Fairbanks on several occass (NCDC 2011a) Fort Yukon holds the state record high
temperature of 38C (100°F) (USFWS2008a) Average temperatures for July range from
17°C (62°F) in Fairbanks to 13C (55°F) further north at Lake Chandal@CDC 2011a)
Precipitation averages around @&htimeters (1inches) for the year, with the majority of the
precipitation falling in the summer months. With the exception of the highest elevations on the
northern end of the region, winter snows have melted bgrideof April, and river ice breakups
occur in May (NCDC 2011b) However, due to the combination of snowmelt and partial
melting of the permafrost, the soils remain very wet throughout the summer.

Average temperatures across the entire region in winterbatew 7117°C (0°F), and
temperatures af40°C (i 40 °F) or colder are common. Fort Yukon has recorded a temperature
as low asi59°C (i75°F). Average temperatures in January range ff@R°C (i9 °F) at
Fairbanks toi 28°C (i19°F) at Fort Yukon. Sn@ covers the ground from early October
through April, with the maximum average monthly snow depth occurring in March, ranging
from 53centimeters (2inches) in Fairbanks to near 86ntimeters (3inches) in Bettles.
However, winds are light most of theinter and blizzard conditions are rarely seen
(NCDC 2011b)

3.1.2.2 Central Poker Flat Research Range Launch Corridor Climate Regime

The <climate in this region S al so <classifi
temperatures in both the winter and thenmer as compared to the climate in the southern

launch corridor. Summer daylight is longer, with approximatelgd&®a of continuous sunlight

and twilight lasting 9days. The winter is darkeéhan thesouthern PFRR launch corridor

climate regime with the sun below the horizon for 2ays in December and January and

twilight reduced to approximatelylburs per day during this tinfEdwards 2011)

Summer temperatures can vary greatly between the higher elevations in Brooks Range and the
valley floors Average temperatures in July are only abol® 744 °F) at Atigun Pass (elevation
1,400meters [4,600eet]), but climb to 14C (58°F) at Arctic Village (elevation 64theters
[2,100feet]) (USFWS2011k). With the colder temperatures and more mouoias terrain,

winter snows are deeper and may not completely melt in the highest elevations in the summer.
In the valleys and foothills, the snow generally melts by-may, and river ice breakup occurs

in late May or early June. The climate is dry, watferage annual precipitation ranging from
around 2&entimeters (1@hches) in the lower elevations to as high as@&@imeters (2éches)

in the mountainous regions, with the majority of the precipitation falling in the summer months
as rain. Howeversteeper slopes and warmer temperatures in Brooks Range provide enhanced
drainage for soils and drier habitats during the summer. However, the snowmelt over the
continuous permafrost in this climate region results in wettgpe conditions in the valley
regions from June through Septem{g6FWS2011c).

Winter temperatures can be bitterly cold throughout the region, but particularly in the lower
elevations, where clear skies and light winds allow temperatures to plummet. Average
temperatures in Januargnge fromi 21°C (15 °F) in the mountainous regions (Atigun Pass)
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3 1 Description of the Affected Environn

to7131°C (i24°F) near Old Crow just on the Canadian side of Brooks Range. Maximum
monthly average snow depth is fromi59 centimeters (2124 inches) and occurs in March
around Old Crow and Arctic VillaggVRCC 2011) However, much higher snow depths occur

in the highe elevations of Brooks Range. Overall, the climate is dry, with average annual
precipitation ranging from around 2&ntimeters (1@hches) in the lower elevations to as high as
66 centimeters (2@ches) in the mountainous regions, with the majority haf precipitation
falling in the summer months as rain.

3.1.2.3 Northern Poker Flat Research Range Launch Corridor Climate Regime

The climate in this region is classified as i
and long, cold winters with subfreegintemperatures and snow possible year round
(USFWS2011X). The close proximity of this region to the Bering Sea results in a climate that is
tempered somewhat and is not subject to the extreme temperature variations found in the
southern and central laumcorridor regions. Summer daylight is long, with approximately

72 days of continuous sunlight and twilight lasting HEYys. The winter is dark, with the sun

below the horizon for 2days in December and January and twilight reduced to approximately

4 hours per day during this timn{&dwards 2011)

Summer temperatures are significantly impacted by the Bering Sea. Average temperatures in
July are around 4C (40°F) along the coast, warming to around°f2(53°F) inland near

Toolik Lake (USFWS2011c). With the exception of nortfacing slopes of the Brooks Range
Foothills, the winter snowover melts away by early June. The climate is very dry, with only
about 15centimeters (6nches) of precipitation falling annually, most of which falls in the
summeras rain. Evaporation rates are low due to low temperatures throughout the year, and the
land is underlain by continuously frozen soil. As a result, soils are usually saturated during the
summer in the coastal plaj SFWS2011c).

Temperatures in winteare the coldest in February along the north coast, with averages around
129°C (120°F), but are warmer at the higher elevations (Toolik Lake), averaghdgC

(i 10°F) in January. The region is under snowwver from midSeptember through May. The
maxmum monthly average snow depth is @htimeters (18ches) in April at Barter Island
(WRCC 2011)

Surface winds along the coast generally average 15 kildMeters (9 to 15niles) per hour
from the northeast, with occasional intense storms genenatimds exceeding 11i&lometers
(70miles) per houfUSFWS2011c).

3.1.24 Global Climate

Carbon dioxide and other gases in the atmosph
rays through, but trapping some of the heat that would otherwise be dal&tle into space

(NASA 2000a). This greenhouse effect and the Earth

water vapor; carbon dioxide; and other trace gases, including nitrous oxide, halocarbons, and
methane. Increases in atmospheric concentmatidrthese pollutants are believed to influence
t he Eart hos (IPEC 2007a IThe Alctic m &<4pexially vulnerable to global climate
change and increased ultraviolet radiation. The primary impacts are expected physical and
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biological changes. l@anges that have been observed and changes that are expected are
discussed in Chapteés through 9 of theArctic Climate Impact AssessmefRCIA 2004)

Annual average temperatures have increased more rapidly in the Arctic than in other parts of the
world. Warming of the Arctic climate has resulted in earlier spring snowmelt, reduced sea ice,
widespread glacier retreat, insect outbreaks, permafrost warming, and changes in Arctic
vegetationfNOAA 2006; USFWS 2011c).

From 2000 through 2005, worldwide use of fossil fuels was estimated to emit abobillR64
metric tons (29.billion tons) per year of carbon dioxide into the atmospi{#P€C 2007)
Estimated U.S. carbon dioxide emissions in 2006 werelslig@ metric tons (6.5%illion tons)
(USEPA2008) Annual carbon dioxide emissions and carbon dioxide equivalent emissions of
other greenhouse gases related to activities at PFRR are estimated t0@metric tons
(2,400tons) per year.

3.2 ECOREGIONS

The ecorgion classification system, developed Ggllant et al.(1995) was used as a spatial
framework to organize, inventory, and characterize the ROI. This delineation of Alaska
ecoregions was based on a qualitative assessment and synthesis of the dispitietina and
relative importance of landscape geography, geology, hydrology, soils, climate, and vegetation
data. The system provides a unified approach for conducting natural resource and ecological risk
assessments and environmental research, managemdrmonitoring. Thecoregions located

within the PFRR launch corridor flight zonese listed inTable3i6 and are shown in
Figure 3i 2.

3.2.1 Beaufort Sea Ecoregion

The Beaufort Sea Ecoregion is the part of the Arctic Ocean that skirts the northermotimst A
Coastal Plain Ecoregion and portions of the Arctic Foothills Ecoregion coastlines.
Approximately 3percent (330,008ectares [820,008cres]) of PFRR is within the Beaufort Sea
Ecoregion (see Tabl& 6 and Figuresi 2).

3.2.2 Arctic Coastal Plain Ecoregian

The Arctic Coastal Plain Ecoregion is a treeless, gently sloping plain and tundra gradually rising
from the Beaufort Sea to the rolling plateaus and uplands of the Arctic Foothills Ecoregion and
mountains of the Brooks Range Ecoregion. Approximatefyer2ent (171,00@ectares
[420,000acres]) of PFRR is within the Arctic Coastal Plain Ecoregion (see Bableand
Figure3i 2). Slope gradients are typically less thame2centGallant et al. 1995)
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Table 3'6. Poker Flat Research Range Flight Zones and Associated Ecoregiéns

Ecoregion Area (Ecoregion ID Number) (hectares)
Interior
Forested
Arctic Coastal Arctic Lowlands and| Interior Ogilvie
PFRR Flight Plain Foothills |Brooks Range Uplands Highlands | Yukon Flats | Mountains Beaufort
Zones (201) (102) (103) (104) (105) (207) (108)b Sea Total

1 South 0 0 0 5,200 460,000 0 0 0 460,000
1 North 0 0 0 61,000 350,000 420,000 0 0 830,000
2 0 9,000 770,000 370,000 410,000 130,000 0 0 1,700,000
3 0 14,000 1,600,000 290,000 430,000 300,000 0 0 2,600,000
4 0 0 340,000 250,000 610,000 650,000 0 0 1,900,000
4 Extended 0 0 930,000 0 26,000 0 0 0 957,054
4 Arctic 171,000 440,000 540,000 0 0 0 0 330,000 1,500,000
Extension
5 0 0 0 500,000 0 900,000 18 0 1,400,000
Total 171,000 470,000 4,200,000 1,500,000 2,300,000 2,400,000 18 330,000
Grand Total 11,300,000

a. Poker Flat Research Range flight zones and associated ecoregions are shown 8i Eigure
b. Due to the small amount of the Ogilvie Mountains Ecoregion within the region of influence, the Ogilvie Mountains Ecoregidiscsissed further in thRFRREIS,
Note: To convert hectares to acres, multiply by 2.4710. Totals may not add up exadtiyrdueding.
Source: Gallantet al. 1995.
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Figure 3i 2. Poker Flat Research Range Ecoregions
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3.2.3 Arctic Foothills Ecoregion

The Arctic Foothills Ecoregion is an area of broad, rounded ridges and plateau uplands (northern
portion) and irregular buttes, mesas, ridges, and undulating tundra (southern portion) between the
Arctic Coastal Plain Ecoregiomd Brooks Range Ecoregion. East of the Kongakut River, the
Arctic Foothills Ecoregion extends to the Beaufort Sea coast (see Bidl)re Approximately

4 percent (470,008ectares [1.2illion acres]) of PFRR is within the Arctic Foothills Ecoregion

(see Table3i6 and Figure8i2). This is described as a predominantly treeless region of
moderately steep to steep hills and broad, sloping valleys and (W#FavS 2011c).

3.24 Brooks Range Ecoregion

The Brooks Range Ecoregion, as the northernmost mountaip grédaska,forms the drainage
divide between the Arctic Slope to the north and the Kobuk and Yukon Rivers to the south.
Mountains within the PFRR portion of the ecosystem include Phillip Smith, Franklin, Davidson,
Sadlerochit, Shublik, and Romanzof Mdains (Molnia 2008) Approximately 37percent
(4.2million hectares [1@nillion acres]) of PFRR is within the Brooks Range Ecoregion
(seeTable3i 6 and Figure3i 2). The deeply dissected mountains have wideflfiatred, steep

sided glacial alpine valley$USFWS2011c). Mountain slopes are covered with exposed
bedrock and rock debris and generally range from 10 to greater thpercght gradients.
Elevations rage from 500meters (1,60@eet) in alpine valley floors to 2,400eters (7,90@eet)

at the higher mountain peaks.

3.25 Interior Forested Lowlands and Uplands Ecoregion

The Interior Forested Lowlands and Uplands Ecoregion is characterized by undulatimgigowla
peat plateaus, and rolling hill uplands with slope gradients generally ranging from pdocéft
(Brabets et al.2000) Approximately 13ercent (1.5nillion hectares [3.@nillion acres]) of
PFRR is within the Interior Forested Lowlands and Uptaittoregion (see TabB#6 and
Figure3i 2). Elevations range from sea level to 706ters (2,30@eet) for some of the higher
hills.

3.2.6 Interior Highlands Ecoregion

The Interior HighlandsEcoregionis located between the Interior Forested Lowlands and
Uplands Ecoregion and the Brooks Rang&coregion The Interior Highlands Ecoregion
contains steep and rounded ridges, valleys, and low mountains with glaciated peaks that rise
from approximately 1,50fheters (4,90@eet) to over 1,800 meters (5,9f#et) (Gallant et

al. 1995) Approximately 2(percent (2.3nillion hectares [5.Million acres]) of PFRR is within

the Interior Highlands Ecoregiorsde Tabl&i 6 and Figure3i 2). Slope gradients generally
range from about 10 to greater thanp&dcentGallant et al. 1995)

3.2.7 Yukon Flats Ecoregion

The Yukon Flats Ecoregion is a relatively flat, marshy river basin characterized by numerous
lakes, shallow ponds, sloughs, drainage basins, river meanderiseads, river outwash fans,

and braided stream floodplains surrounded by gently to strongly rolling terrain. Elevations range
from 90meters (300eet) to greater than 250eters (820eet), and slope gradients are generally
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less than percent. The Ykon Flats Ecoregion was not glaciated during the Pleistocene epoch
(Gallant et al.1995) Approximately 2Jpercent (2.4million hectares [5.®nillion acres]) of
PFRR is within the Yukon Flats Ecoregion (see T@band Figuresi 2).

3.3 WATER RESOURCES

Surface waters typically include rivers, streams, bays, springs, lakes and ponds, and other
wetlands. Groundwater includes the subsurface geohydrologic resources generally described as
water tables and aquifers. The ROI for water resources is defined asdhsithin the PFRR

launch siteand launch corridor. Section3.3.4 provides a description of the water resources
within the ROI based on the ecoregions discussé&gation3.2

3.3.1 Wetlands, Floodplains and Coastal Zone

Wetlands are areas of transitibatween terrestrial and aquatic systems where the water table is
usually at or near the surface. Wetlarads defined in the U.S. Army Corps of Engineers
Wetl ands Delineation Manual as NANthose areas
ground wate at a frequency and duration sufficient to support, and that under normal
circumstances do support, a prevalence of vegetation typically adapted for life in saturated soil
condi (UBACE £987) Wetlands are extremely common in Alaska; there aretanated

71 million hectares (18million acres) of wetlands, accounting for approximatelypd&ent of

the total surface area of the st§f&&DEC 2010) In addition to permafrost areas, wetlands
frequently occur within the riverine floodplains and candleybecausef rainfall, melt water,
beavers, and tides. In Alaska, melt water from snow and glaciers often causes streams to
overflow their banks during spring and summer months. Ice jams, which may exacerbate
flooding, are particularly common near thitagesof Circle and Fort YukoiiNOAA 2006b)

Within the PFRRaunch site much of thearea in the Lower Range is designated as a palustrine
wetland system composed primarily of scglivub and forested class wetlands with saturated
water regimes. Mgt areas facing north and northwest, downslope of the Upper Range ridgeline
are also classified as wetlands. Details on wetlands at PFRR, including the associated
vegetation, are given in th&nvironmental Assessment, Improvement and Modernization
Program Poker Flat Research Range, Fairbanks, Alaska (Modernization gd)ished by the
Geophysical Institute of UARUAF 1993) Wetlands identified in th&lodernization EAare

listed inTable 3i 7.

The Chatanika River originates north and east of the R@®Flaws westward into the Tolovana
River, which flows into the Tanana River. The main flood seasons are spring and summer.
Spring floods are the result of an abexamal winter snowfall, coupled with a cold spring and a
rapid snowmelt. Summer floodingsults from extreme rainfall in a short period of time. The
Lower Range of the PFRRunch sitas located within the 10@ear floodplain of the Chatanika
River.
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Table 3/ 7. Poker Flat Research Range Wetlands

Wetland Description
Wet Graminoid Vegetationis dominated by marsh fiviinger, cottongrass, carex, and t
Herbaceous sandbar willow.
Needleleaf Woodland Consists predominantly of black spruce. The understory shrub inclu

Labrador tea, mountain carndary, cloudberry, and resin birch. The
herbaceoustratum is predominantly clubmoss, but the lichen layer ig
prominent in open areas.

Mixed Woodland Includes paper birch and black spruce. The understory is dominatec
Labrador tea, bog blueberry, lowbush cranberry, spirea, and diamon
leaf willow. Theherbaceous stratum is predominantly feathermoss.
Lichen is prominent in open area. Also present are cottongrass,
bluejoint, and horsetail.

Needleleaf Forest Dominated by black spruce. Paper birch is also present. The under
consists of Labrador & lowbush cranberry, bog blueberry, and spired
The herbaceous matt is thick with moss and lichens.

Closed Birch Forest Dominated by paper birch, with small components of black spruce.
understory consists of Labrador tea, cranberry, and moss matt.

Mixed Forest Dominated by quaking aspen, white spruce, and paper birch. The
understory consists of bluejoint, Pyrola, and rose.

Closed TallScrubShrub Dominated by a dense canopy of green alder; however, paper birch
aspen are also present. Undamgtonsists of raspberry and bluejoint.

Closed Broadleaf Forest | Dominated by paper birch, with scattering of quaking aspen and whi
spruce. In understory, green alder, lowbush cranberry, bog blueber
fireweed, andluejoint are common.

Source: NASA2000a; UAF 1993.

The Coastal Zone Management Act (CZMA) of 198 amendeq16 U.S.C. 1451et seq),
provides for the effective, beneficial use, protection, and developof¢hé U.S. coastal zone.
Section 307 of the CZMA requires Federal agencies adimdpactivities that potentially impact
coastal zones to be consistent, to the maximum extent practicablethevdipproved coastal
management program of the respective state within which the activity would dbeumastal

zone is defined as coastaht@rs and adjacent shore lands strongly influenced by each other and
in proximity to the several coastal states, including islands, transitional and intertidal areas, salt
marshes, wetlands, and beachdse Alaska Coastal Management Program was terminated on
July1, 2011, perAlaska Statute44.66.030 Prior to its termination, NASA contacted the
Alaska Coastal Management Program in Ap@ill and was informed that a consistency
determination would not beequired for the alternatives under consideration in this EIS.
Therefore, no additional coordination regarding coastal zone management is needed.

3.3.2 Wild and Scenic Rivers

The National Wild and Scenic Rivers System, established in 1968 by the Wild and Scenic Rivers
Act (P.L. 90i 542)and administered bihhe National Park ServiclPS), was created to enhance
and protect the freBowing condition; water quality; and remarkabhatural, cultural, and
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recreational values and to fulfill the vital conservation of designated rivers and streams
(IWSRCC 1998) Alaska National Interest Lands Conservation ASN[LCA) (P.L. 96-487)
provides for the designation and conservation ofipdahds in the State of Alaskaccording

to ANILCA, in Alaska, designatedild River segment corridors outside Federal lands may not
exceed an average of 2BBctares (64@cres) (0.&ilometers [0.5mile] from each river bank)

per river mile. Corridoboundaries are established based on natural and manmade features and
existing property lines. Within Federal lands, no new mining claims or mineral leases can be
granted within designatewild River segments; however, existing mining claims and leases
within designated river corridor boundaries remain in effect. River designation thedéfild

and Scenic Rives Act neither gives nor implies government control of private lands within the
river corridor(IWSRCC 2004,2011) DesignatedVNild Rivers are to be maintained in natural,
free-flowing, and undisturbed conditions. River segmeawided tahe National Wild and Scenic
Rivers Systemby ANILCA located within the PFFR launch corridor askown in redin
Chapterl, Figureli 3, andsummarizedelowin Table 3i 8.

Table 3'8. Poker Flat Research Range National Wild and Scenic River Segments

Water Course Description

Beaver Creek | The Beaver Creek watershed is located within the Ydkamana uplands of the eas
central Alaska interior. Approximately 2k8ometers of the upper portion Beaver
Creek has been designated a¥ill River. The moderately swift and shallow strez
originates at the confluence of Bear and Champion Creeks of the White Mounte
and flows approximately 43¥llometers to its confluemcwith the Yukon River.
Once within the lowlands of the Yukon Flats, it is characterized as a sluggish
meandering stream. Discharges from numerous springs contribute significantly
winter streamflow. Designated wild portions of Beaver Creek are thoatbe
White Mountains NRA (13Rilometers) and Yukon Flats NWR (&Hdometers) and
within PFRR.

Ivishak River | The lvishak River originates in the Philip Smith Mountains and flows northward,
where it merges with the Sagavanirktok south of Prudhoe Bay. Once in the Arg
Coastal Plain, the waterway is characterized as aylagient, braided stream with &
broad fladplain. Of the total 18Rilometers of the Ivishak River, 96lometers of
designatedVild River flow through the Arctic NWR within PFRR. The designate
wild portion of the river basin within PFRR encompasses approximately
80,000hectares and 7,30@chres outside of PFRR.

Sheenjek Rivel The Shenjek River is a subbasin watershed of the Porcupine Basin and encomy|
a drainage area of approximately 58,0@@tares. This water course originates in
Brooks Range and merges with the Porcupine Rivar Rert Yukon. The upper
segment of the river is within Arctic NWR and the lower segment flows through
Yukon Flats NWR. Approximately 27#0lometers of the river have been designat
as wild. The portion of the Sheenjek River that flows through ArdfitR\Nincluding
Mollie Beattie Wilderness Area within Arctic NWR (2@Bometers), is designated i
wild and is located within PFRR. No portion of the Sheenjek River that flows
through Yukon Flats NWR is designated as wild or scenic. This pristingradent
river meanders primarily through broad mountain valley tundra and is character
by clear water, cutbanks, and gravel streambeds.
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Table 3 8. Poker Flat Research Range National Wild and
Scenic River Segmentscpntinued

Water Course Description

Wind River The Wind River originates in the Philip Smith Mountains and flows approximate
180 kilometers. The river basin covers approximately 79/@8flares. The entire
river (180kilometers) is designated wild and is located within Arctic NWR and
PFRR.

Note: To convert hectares to acres, multiply by 2.4710; kilometers to milekiply by 0.6214; square kilometers
to square milegnultiply by 0.3861.

Key: NRA=National Recreation AredNWR=National Wildlife Refuge; PFRR=Poker Flat Research Range.
Source: Brabetset al. 2000; Kostohrys2005; Maurer 1997; Meyer1995; USDOI11983; USFWS2011c.

3.3.3 Water Quality

Water quality is a measure of the physical, chemical, and/or biological characteristics of water
compared with established standard&.ater qualiy is considered impaired it fails to meet
physical, chemical, and/or biologicat regulatorystandards.The Clean Water Act of 1977, as
amended (CWA)33U.S.C.1251 et seq), regulates pollutant discharges. As authorized by
CWA, the National Pollutat Discharge Elimination System (NPDES) permit program controls
water pollution by regulating point sources that discharge pollutants into waters of the United
States. The NPDES permit program is administered by the State of Alaska through the Alaska
Depatment of Environmental Conservation (ADEC).

CWA requires individual states to develop programs to monitor and report on the quality of
surface water and groundwater and prepare a report summarizing the status of its water quality.
CWA Section305(b) reqgures that the quality of all water bodies be characterized and
Section303(d) requires states &stablish water quality standards for waterways, identify those

that fail to meet the standards, and take action to clean up these wateWayst quality
standards are composed of designated present and future most beneficial uses and numerical and
narrative criteria applied to the specific water uses or classification. Water bodies verified as not
meeting one or more of their designated uses are placdd en ts 808(d)dish, @and a Total
Maximum Daily Load (TMDL) orRecoveryPlan is developed by the state to address water
guality impairment issuggADEC 2010)

The state of Alaska has jurisdiction for surfacater quality standards for all waters of the state,

in accordance with CWA provisions.The ADEC Division of Water is responsible for
establishing water cleanliness standards, regulating discharges into water of the state, and
monitoring and reporting owater quality. The State of Alaska Water Quality Standards are
documented in the Alaska Administrative Co@&8AAC 70) and in an annual report.

Al a s 308l sand 303(d) water quality data are combined and presented as an Integrated
Water Quality Monibring and Assessment Report that documents the status and heedtteof
bodieswithin the state and identifies programs for maintaining and improving water quality.
Alaska has 28Category5 303(d) listedwater bodieswith one or more designated uses not
attained that require a TMDL &ecoveryPlan (ADEC 2010)

The overall water quality in Alaska is generally good to excellent. The state contains vast areas,
such as those that comprise a major portion of PFRR, that are in pristine condition and are
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charactereized by excellent water quality. Yukon River water quality ranges from good to
excellent. Except for seasonal turbidity, the river generally has low dissolved solids, near
saturation dissolved oxygen, and neutral to moderately bas{t/$BOI 2012a). Turbidity is a
suspension of dissolved substances and inorganic and organic particles in the water column that
results in the scattering and absorption of suni{glanley et al.2000) A water resource field
reconnaissance of the east&arth Sloge in 1975 found that with few exceptions, water body
water quality was generally very go@@hilders et al.1977) There are limited water quality

data available for much of the Arctic North Slope and South Slope below Brooks Range
(USFWS201X). A summary of water quality parameters for select rivers within PFRR is
presented imable 37 9.

Table 3'9. Poker Flat Research Range Water Quality

Dissolved
Water pH Oxygen
Temperature (Standard (milligrams
River (degrees Celsius) Units) per liter)
Beaver Creek (aBig Bend) 10 7.3 11
Birch Creek (Upper Mouth) 14 7.5 9.2
Black River 13 7.7 9.5
Chandalar River 10 7.9 11
Hodzana River 11 7.7 9.8
Porcupine River 10 7.7 10
Yukon River (at Eagle) 13 8.1 9.6
Alaska Department of Environmental Less than 15 6.0to 8.5 Greater than 4.0
Conservation Standard

Note: To convert Celsius to Fahrenheit, use the formula (5/9) x (T Fahreni32it)
Source: USDOI2012a.

The Categoryp Section303(d) listedwater bodieswvithin PFRR are contained in the Crooked
Creek Watershed (Hydrologic Unit Cotif8040402) and include Crooked, Bonanza, Deadwood,
Ketchem, Mammoth, Mastodon, and Porcupine Creeks. The watershed was 303(d) listed in
1992 for nonattainment of turbidity s@ards(ADEC 2010) The primary pollutant source was
placer mining. Monitoring in the 1990s and a water quality assessment in 1995 documented
water quality improvements and recommended the developmemnwatiea bodyRecoveryPlan.

ADEC is preparing a war quality monitoring and sampling plan for 2011 and 2012 to
determine if a TMDL is require(ADEC 2010)

3.34 Ecoregions

This section describes the water resources within the ROI based on the ecoregion descriptions
provided in Sectio3.2.
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3.34.1 Beaufort Sea Ecoreign

The approximate area of ocean inland seas (bays and lagoons) within Beaufort Sea Ecoregion of
the ROl is 9,10Mectares (22,008cres). Coastal currents are driven by inflows from the Bering
Strait, Beaufort Gyre, and intermediate water from the Natthantic. Tide action is relatively

minor, with a diurnal range of 10 to 8@ntimeters (4 to lidches) (ADNR 2006;
USFWS201X). Storm surges (storm increases in sea elevation) can reach approximately
2.4 meters (&eet) during severe stornfBDNR 2006). Coastal lagoon waters begin to freeze in

late September to early October and by April or May, the ice maynbeté&'s (Geet) or more

thick. Approximately 40,000ectares (100,008cres) of the Beaufort Sea Ecoregion marine
coast waters and lagoongthin Arctic NWR are designated as marine protected areas under the
auspices of the National Marine Protected Area Sy$tésWS 2011c).

A defining characteristic feature of the Beaufort Sea is its cover of sea ice, which seasonally
fluctuates in extenand thickness on interannual and lgegn temporal scales. The sea ice
cover generally includes a perennial ice zone where ice is presestbyadr and a zonehere

ice is only present seasonally; much of the Arctic Ocean is considered peren(iavateand

Sulsky 2010) The maximum extent of Arctic sea ice cover is achieved by the end of winter, and
the minimum extent occurs in SeptempPatendler et al.2010) For most of the year, ice covers

the Beaufort Se@JSDOI 1978) Typically, the breakup of coastal sea ice begimge8ks after

melt processes beg{tt SFWS2011c).

Sea ice ranges from firgear, nordeformed ice to muhyear ice with thick, deformed, pressure
ridges. Sea ice moves in response to wind and oceantuiand deforms due to fractures and
cracks created by brittle failure. The mechanical movement and rearrangement of the ice
directly affect its strength and behavi{giwok and Sulsky 2010) In contrast to the migrating

ice packs of the distant Arcticd®an, landfast ice is relatively immobile sea ice that is anchored
to nearshore environments due to the sporadic contact of the ice with the sea floor
(Fisseletal. 2011) Sea ice is typically covered with snow for most of the year, except for when
new ice forms and during the short Arctic summer. Because of its age;ye@aitice generally

has deeper snow cover than figstar ice. Roughesurfaced ice also tends to accumulate more
snow covelSturm et al.2006)

Sea ice concentration (SIC) is thee@ of the ocean covered by i(8tone2010) and ®a ice

extent is the region of the ocean containing at leapeté&entSIC. SIC in seasonal zones varies
dramatically, particularly along the southern sea ice margWendler et al.2010) Seasonal
fluctuations in the development, migration, and decay of sea ice are generally governed by the
movement of the polar ice pack along the coastline and activity of major fW8EB30I1 1978)

In the Beaufort Sea, the average SIC is lowest from August through&d($tone2010)

The thickness of sea ice varies dramatically in temporal and spatial terms. In addition to
thermodynamic forcing, research suggests that variations in Arctic ice thickness are strongly
influenced by ocean and wind dynamic mechanical fordibgxon et al.2003) The
discontinuous motion and behavior of ice influences it thickness distribukamok( and

Sulsky 2010) For the Arctic Ocean, the maximum thickness is generally cited as approximately
3 meters (10eet). Typically, nordeformed firstyear ice $ as much as @eters (#feet) thick

and muti-year ice is greater thann2eters thick. Ice that has been deformed and exhibits ridge
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formation may be as thick as 20 to rd@ters (66 to 9&et) (Wendler et al.2010) Southern
Beaufort Sea ice thicknessawobserved to average Zagters (8.2eet) with variability ranging
up to 2.7meters (8.9eet) (Laxon et al.2003) The thickness of landfast ice is primarily
dependent on air temperature and snow c(veselet al.2011)

A study by Oikkonen and Haapala (2011)found that Arctic sea ice has generally shifted
toward thinner ice and exhibits a prevalent loss of thick, deformed ice. Although offshore
regions of the Arctic pack ice are experiencing reduction in ice thickness associated with the net
loss of old ice, shelf areas of the Southern Beaufort Sea dominated by highly deforrmgehfirst

ice exhibited no reductions in thickness for the years 2008 and(BB3@let al.2011) For the

1960s, 1970s, and 1990s there was anie@r (4.3foot) decease in the average thickness of
Beaufort Sea ic@_axon et al.2003)

Arctic ice has undergone a dramatic decline over recent years, with-dosathented general

ice thinning, retreat of summer sea ice cover, and transition to a younger ice patkbuGog

factors include changes in atmospheric variables (temperature, circulation, and cloudiness),
increased ice export and redistribution, storm events, and increased solar heating of the upper
ocean(Perovichet al.2011;Wendler et al.2010). TheNor t her n Hemi spher eds
declining at an average rate op&rcent per decade (1978 to present) and summer declines
appear to be accelerating. The loss of old, aygér ice is occurring at a higher rate of
approximately 1(ercent per decacl greater than twithirds of the Arctic is currently covered

by thinner seasonal icgKwok and Sulsky2010) From 1979 to 2005he extent of Arctic

Ocean sea ice decreased @ePcent per decade; the lowest extar#s recorded in 2007
(USFWS201X). From 2005 to 2009, mulyear ice decreased by a netpHcent in volume

while first-year ice gained volume due to the overall increased area cogéweak and

Sulsky 2010) A study of the Southern Beaufort Sea observed an increase in the mean annual
areaof open water from 1lgercent in 1972 to 3Bercent in 200{Wendler et al.2010) The

floating ice pack is a critical component of the Arctic Ocean habitats and biological ecosystems.
Changes in the extent and concentration of sea ice can directly tigebiological support
capabilities of these systertisndsay and Zhan 2005)

3.34.2 Arctic Coastal Plain Ecoregion

Prominent marine features within the Arctic Coastal Plain Ecoregion include stmoalfiats,
spits, shallow lagoons with lolying barrier isands, bays, and river delt#gSDOI 1978;
USFWS2011X). The coastline is lovying and irregularly shaped and is dominated by low but
steep coastal bluffs that typically range from 1.2 toniebers (4 to $eet) high, but in some
instances may be as high as méters (25eet); in some cases, these blufi® under active
retreat(Trawicki et al.1991;USDOI 1978)

Recent increases in prevailing temperatures and storm frequency and reduced amounts of
summer sea ice have created conditions amenable to increased coastale&SWE 201 1c).

In some areaghe coastal bluffs are retreating as a result of theramal waveinduced erosion

of permafrost soilUSDOI 1978) Based on localized conditions, erosion rates vary from
approximately 12 to &eters per year (38 to I€et per yearlUSFWS2011k). Wang and
Overland (2009) predicted drastic reductions in Arctic winter and summer ice over the next
30years.
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Water courses in the PFRR portion of the Arctic Coastal Plain Ecoregion tend to be low
gradient, braided, distributary systems that are classifiedauntain, spring, and tundra streams
(Gallant et al.1995; Greenwald et d.2008; Schickhoff et al.2002) Mountain streams
normally have coarse gravel bottoms and transport discharge from springs and surface runoff.
Spring streams are fed by mountasprings and are characterized by relatively stable
temperatures and discharge volumes that allow channels to remain unfrozen through winter
(Parker 2004) Mountain and sprinfed streams have headwaters in Brooks Range. Tundra
streams primarily drain tharctic Coastal Plain Ecoregion and Arctic Foothills Ecoregion and
are classified as alluvial, rifflpool sequence streams or pbattom streams with beaded
channel morphologyGreenwald et d.2008; Parker2004) Groundwater seepage through
taliks is amajor contributor to streamflow&reenwald et d. 2008) Major Arctic Coastal Plain
Ecoregion rivers intersecting PFRR include the Hulahula, Jago, Okerokovik, and Okpilak Rivers
(Childers et al.1977)

The gentle slopes, poor drainage, perched watdestabnd treeless landscape of the Arctic
Coastal Plain Ecoregion often create woriented thaw lakes and ponds particularly in river
deltas. The melting of ground ice creates subsidence depressions that collect runoff. These
relatively shallow (typiclly less than Imeter [3feet]), flat-bottom features most often have
muck bottoms and freeze during winter. These generally impermanent surface features tend to
follow dynamic annual cycles of development, expansion, drainage, and revegetation
(ADNR 2006 Gallant et al.1995) The development of taliks beneath the lakes may contribute

to their drainage in wintef(Riordan 2005) Most lakes within the Arctic Coastal Plain
Ecoregion within the ROI are located within the Hulahula and Jago River deltas
(USFWS201Xk). In continuous permafrost areas, sources of groundwater are primarily
concentrated within the unfrozen alluvium of thaw lakes and river deltas; however, the water is
normally brackish or saline in bedrock beneath the permgindiams 1970).

3.34.3 Arctic Foothills Ecoregion

The Arctic Foothills Ecoregion is dissected by numerous beaded and meandering streams and
partly braided rivergSchickhoff et al.2002) Most streams originate in the mountains of the
Brooks Range Ecoregion, derive thiéaw primarily from runoff, are underlain with permafrost,
freeze duringvinter, and flow approximately fonths of the year north toward the Beaufort Sea
within channels confined to bedrock catchmef@allant et al.1995; Parker2004) Most
streambedsra lined with extremely course materials that include gravel, cobbles, and boulders
(Childers et al.1977) Minor river flows caused by springs during winter create accumulations
of icings or aufeis (overflow river icADNR 2006) Even during the coldé¢ winters, some
groundwater continues to flo@iHall 1979) Flooding and channel migration are common during
spring melt, ice jams, and ice breaki@allant et al.1995) Major Arctic FoothillsEcoregion

rivers within the ROI include the Aichilik, Ekalulkat, Egakstak, and Kongakut Rivers
(Childers et al. 1977) Lakes occur infrequently within the region and exist primarily as muck
bottom, oxbow lakes within major river vallefGallant et al. 1995)

3.34.4 Brooks Range Ecoregion

The Brooks Range Ecoregion,tag northernmost mountain group in Alast@ams the drainage
divide between the Arctic Slope to the north and the Kobuk and Yukon Rivers to the south.
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Stream systems typically exhibit a trellis drainage pattern, with major rivers draining north and
southand feeder tributaries draining east and wéstllant et al. 1995) Although infrequent,

heavy summer rains in the mountains can trigger river peak flows and flo@diigR 2006)

Major Brooks Range Ecoregion rivers intersecting PFRR include the @artrast Fork, Junjik,

Kavik, Middle Fork, North Fork, Sheenjek, and Wind Riv@&hilders et al.1977) Although

heavily glaciated, mountains lakes such as the Neruokpuk Lakes in the Hulahula River Basin and
Lake Schrader occur infrequently but are prominent feafit85WS2011c). Most lakes occur

in the rock basins of glaciated valleys, moraine areasl awer valley floodplains
(Gallant etal. 1995) The source of groundwater of the Brooks Range Ecoregithmn the

ROl is perennial springs associated with limestone fgWidliams 1970)

3.345 Interior Forested Lowlands and Uplands Ecoregion

Major Interior Forested Lowlands and Uplands Ecoregion rivers intersecting PFRR include the
Black, Chandalar, Christian, East Fork, Koness, Middle Fork, North Fork, Porcupine, Sheenjek,
and Wind RivergChilders et al.1977; Daum and Troyer1992) Thaw and oxbow lakesccur

in the region but are not prominent featuf@sllant et al.1995) In discontinuous permafrost
areas, groundwater may occur in shallow tddiker aquifers above the permafrost
(Williams 1970)

3.3.4.6 Interior Highlands Ecoregion

Water courses in the terior Highlands Ecoregion tend to exhibit peak flows following the
spring snowmelt, but moderate flows during the sum@uEBFWS2011c). Major Interior
HighlandsEcoregionriverswithin the ROlinclude theChandalar, Christian, East Fork, Koness,
Middle Fork, North Fork, Sheenjek, and Wind Rivef8hilders et al.1977; Daum and
Troyer 1992) The approximately 2,100ectares (5,208cres) of the PFRRaunch siteare
located in the Interior Highlands Ecoregion directly south of the Chatanika River in (Bhatan
Alaska (see Figurgi 2). Facility flooding occurs infrequently and is minor in extent. The short
term flooding that does occur is normally associated with spring breakup when the ground is still
frozen. The affected area is approximatelyt@®2taes (0.5acres) in size and includes an area
near the old Poker Inn and the field next to thBdahd Radar; floodwaters persist for about a
week.

3.3.4.7 Yukon Flats Ecoregion

The Yukon Flats Ecoregion is a relatively flat, marshy river basin characterized Brausm
lakes, shallow ponds, sloughs, drainage basins, river meander scars, islands, river outwash fans,
and braided stream floodplains surrounded by gently to strongly rolling terrain. The drainage
patterns of the Yukon Flats Ecoregion generally followyalic annual pattern of freeae;
reduced winter base flow conditions; ice breakup spawning spring ice jams, scouring, and
flooding of rivers and tributaries; and summer flows governed by precipitation, drought, and
groundwater seepage. River and lateeplay a significant role in the hydrologic character of the
region(Woodward and Beever2011) In addition to the Yukon River, there are approximately
11,000kilometers (6,800niles) of tributary streams and over 20,08Kes and ponds within the
Yukon Flats EcoregionWoodward and Beever2011) The area is drained by the Yukon
River, which exhibits both meandering and braided streamflow patterns. A diversity of
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meandering stream tributaries flowing through the flats drains the surrounding uplands and
mountainous regions. Major Yukon Flats Ecoregion streams and wntkia the ROlinclude
Beaver and Birch Creeks and the Chandalar, Hodzana, Porcupine, and Yukon Rivers
(Brabets etal. 2000)

Lakes are an abundant and important component of the Yukds Etoregion ecosystems.
Lakes were created primarily by the meandering of the Yukon River and its tributaries (oxbow
lakes), accumulation of water within basins, beaver activity, and thermokarst development.
Lakes have both closed and open drainagetsuand are frequently in contact with groundwater
(Heglund and Jonex2003) The Yukon Flats Ecoregion has an estimated lake area of
1,100square kilometers (4Zpuare miles) and lake density of 1 lake pasgQare kilometers
(0.8square miles)(Arp and Jones2009) A study by Heglund and Joneq2003) of
129shallow riverine Yukon Flats Ecoregion lakes found that most were nearly circular in
configuration and had depths that generally ranged from less thaneteEs (1.6eet) to

6 meters (2Geet), wih most lakes averaging less tham@ters (7#eet).

3.4 GEOLOGY AND SOILS

Physical geography is defined by surface terrain patterns, forms, features, and hypsology
(i.e.,study of the relative altitude of places). Geologic resources are consolidated or
unoonsolidated earth materials, including ore and aggregate materials, fossil fuels, and
significant landforms. Soils are natural bodies of solids (minerals and organic matter), gases,
and | iquids occupying the Ear tshadddor teuabilityaoc e t h e
support rooted plani®JSDA 2010) The ROI for geology and soils is defined as the area within

the PFRRlaunch siteand launch corridor. Secti@#.5 provides a description of the geology

and soils within the ROl based on the regons discussed in SectiBr2.

341 Permafrost

Permafrost is Arctic or subarctic region earth material (soil, rock, ice, and organic matter) that
experiences continuous temperatures at or belo®@ @32°F) for 2 or more years; it is
perennially frozen, raer than permanently frozen grour{@french 2007; USDA2004)
Permafrost typically exists in multiple layers that vary in thickness from a few centimeters to
several hundred meter@Villiams 1970) Permafrost terrain contains three distinct layers
(seeFigure 3i 3): (1) theactive layeris the uppermost layer of soil from the surface to the top of
the frozen ground, which experiences seasonal freezing and thawitige ®rennially frozen
permafrost layerthat extends from the base of the active layerthe soil layer where
temperatures exceed’Q (32°F); and (3) thdalik layer of unfrozen soil typically between the
active layer and permafrost lay@sterkamp and Jorgensor2009. Most of the hydrological,
biological, and biochemical activity occuns the active layer, which may range from several
meters to a few centimeters deefBased primarily on the extent of soil ice content, the
permafrost layer may be completely impervious or seenmeablgHinkel and Nelson2003;
Riordan 2005) Permafrost my contain water with elevated salinity or oil seep hydrocarbons,
which prevents hard freezin@lough et al.1987) Taliks tend to form beneath water bodies
that do not freeze in wintgRiordan 2005) In Alaska, freezing soil temperatures have been
observed to depths greater than &@#ers (1,00@eet) (Clough et al.1987; Ray 1950)
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Approximately 75 to 8@ercent of Alaska is underlain with permafrd€sterkamp and
Jorgenson2009)

The landscape extent and distribution of permafrost is defined as continuous, discontinuous, and
sporadic. Continuous permafrostesignates areas where permafrost occurs uninterrupted and is
normally colder thari 6 °C (21°F) (Osterkamp and Jorgensor2009 Ray 1950. Shallow

lakes and rivers within these areas freeze to the bottom and are underlain with permafrost
(Hall 1979; USFWS2011c). Discontinuous permafrostegions have scattered areas free of
permafrost(Osterkamp and Jorgensor2009; Ray 1950; USFWS 2010) Temperatures range

from a fraction of a degree below freezing it® °C (28°F) (Ping et al.2004) Sporadic
permafrostregions exhibit isolated areas of permafrost within thawed gré@aterkamp and
Jorgenson2009) Continuous permafrost damates Arctic regions, while discontinuous and
sporadic permafrost is primarily found in subarctic regigRgordan 2005) No sporadic
permafrost was identified within PFRR. Permafrost within PFRR is summariZéabla 3i 10

and shown irFigure 3i 3.

Table 3/ 10. Poker Flat Research Range Permafro$t

Discontinuous
Continuous Permafrost Permafrost Total

Ecoregion (ID Number) (hectares/percentaged (hectares/percentage) | (hectares)
Arctic Coastal Plain (101) 160,000/100 0/0 160,000
Arctic Foothills (102) 460,000/100 0/0 460,000
Brooks Range (103) 4,100,000/100 0/0 4,100,000
'L'};?;'ﬁés':z’lrgjged Lowlands ar 480,000/32 990,000/68 1,500,000
Interior Highlands (105) 1,200,000/51 1,100,000/49 2,300,000
Yukon Flats (107) 500,000/21 1,900,000/79 2,400,000
Grand Total 11,000,000

a. Metrics denote the approximate area of permafrost in the Poker Flat Research Range portion of each ecoregion.
Note: To convert hectares to acres, multiply by 2.4710.
Source: Brownet al.2001

A major effect of permafrost soils is the presence of the frozen permafrost layer that causes water
to saturate the active layer and perch on the surface of lowlands, creating wetlands. In some
cases, frozen soil layers may contain large amounts of graesadUSDA 2004) In
unconsolidated soils with poor drainage, ice masses range from small granules to ice wedges that
can account for 50 to 8fercent of the permafrogErench 2007; Ray1950) Although the
permafrost layer may impede or restrict wat@vement, it is not uncommon for the talik layer

to contain unfrozen layers thédcilitate groundwater movement through the soil, which often
results in the formation of perennial sprir{§sench 2007)

Typically, permafrost thawing proceeds from the dogvnward and, eventually, from the bottom
upward. Thawing discontinuous permafrost generally ranges from decades to millennia
(Bockheim and Hinkel2007; Osterkamp and Jorgensor2009) Cryoturbation fixing of
materials from various soil horizons due fteezing and thawingls common to permafrost
affected soils and causes soil horizons to be broken and cor{td88d\ 2004)
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Note: To convert kilometers to miles, multiply by 0.6214.
Source: SAIC2011.

Figure 3i 3. Poker Flat Research Range Permafrost
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